ABSTRACT: This note describes a compact automatic sampler des~gned to collect small water samples (about 3 ml) at high frequency (minutes to hours), which is very useful for marine microbial data acquisition. The devlce consists of a microprocessor card controlling, through an interface and a BASIC program, a fraction collector, a peristaltic pump and a set of tube-pinching electrovalves. Samples are kept at 4°C until analysis or fixation, which appears to result in minimal effects on parameters such as abundance, size or pigment fluorescence.
Many dynamical phenomena need to be sampled at high frequencies, typically on the order of once per hour or more, because of their very tight entrainment to the daily scale. It is particularly true for the marine microbial community, in particular the photosynthetic picoplankton (cells smaller than 2 pm) that are ubiquitous and abundant in open oceanic areas (e.g. Li et al. 1992 , Campbell & Vaulot 1993 . Recent studies have shown that these populations are highly synchronised and divide within a very short time window (Vaulot et al. 1995) . Other parameters such as cell size or chlorophyll fluorescence are also characterised by short time scale variability, for example in response to high irradiance damage in surface waters (Stramska & Dickey 1992a) .
Recently, it has become possible to acquire high frequency time series data for bio-optical and physical parameters using in situ devices such as the Batfish (Herman 1985) , the Undulating Oceanographic Recorder (Aiken & Bellan 1986), the Multivariable Profiler or Moored Systems (Dickey 1988 , 1991 , Stramska & Dickey 1992b . The latter constitute the best example of the effort made to increase the frequency of sampling (up to a minute), allowing, for instance, a detailed understanding of dynamical changes in primary production (Dickey et al. 1991 , Moline & Prezelin 1997 . Nevertheless, these techniques only collect information on bulk characteristics such as beam attenuation or stimulated chlorophyll fluorescence, and provide no detail on community composition and physiology. More classical sampling methods use discrete Niskin bottles linked to CTD (Conductivity, Temperature, Depth) profilers which are deployed during oceanographic cruises. However, the short time scale variability remains difficult to sample because of the necessary time intervals between profiles. In the best case, the maximum sampling frequency is every 2 h. In addition, CTD profilers cannot be used when the ship is under way and remain restricted to fixed stations.
Simple and autonomous water collecting devices have rarely been described in the literature (Friederich et al. 1986 , Abbott et al. 1990 , Reed et al. 1997 . This paper reports the design and capabilities of such a sampling and collecting device controlled by a microprocessor which was tested for laboratory culture sampling and used successfully in the field to collect sea surface water. The device is particularly useful for high frequency data acquisition of parameters which only require small water samples (i.e. 1 to 5 ml) such as those analysed using flow cytometry or epifluorescence microscopy.
Sampler design and implementation. The automatic sampler consists of a microprocessor card which controls, through a suitable interface and software, a fraction collector, a peristaltic pump and a set of tubepinching electrovalves (Fig. 1) . With the exception of the pump, the device costs about US $300 to build and requires about 100 man-hours to be built, excluding the conception phase. Full description of the mechanical and electrical circuits, as well as a sample control program, are available from the first author. disk is given by a photoelectric device consisting of a rebuilt around the Intel8052 AH Basic microprocessor and flective opto-coupler (CNY70, Selectronic), providing its peripherals (mainly memory for programs and data).
isolation between input and output. The photodiode dePrograms, written in BASIC and stored in ASCII format tects the presence of black and white indexes drawn on on any PC-compatible computer, are sent to the microthe reverse face of the disk (Fig. 2C ). Motors stop runcomputer board through a RS-232 link by any communing when meeting a black band, corresponding to the nication software such as Telemate (T. Hu, White River position of a tube, and resume as soon as the photodiode Software, Ontario, Canada). Programs can either be detects a white band. loaded and used in RAM (Random Access Memory), which is handy for debugging, or burned into an EPROM (Erasable Programmable Read Only Memory), making the device completely independent from an external computer once the program has been satisfactorily tested and sent by the micro- provided by PORT1, can be used directly, for instance to control the pump, but sometimes have to be boosted using amplifiers, for Tube example to control electrovalves or the motors of the sampler. Power can be provided either by a main line (220 V) when available or by a 12 V car battery, which can also automatically take over in case of main supply Thermal failure.
Fraction collector: This consists of a Perspex disk with 24 holes into which are inserted 24 hemolysis tubes (75 X 12 mm, 4.5 ml, CML, Nemours, France, Figs. 1 & 2).
Radiator
The disk is rotated by 3 gear box or step by step motors (Selectronic, Lille, France) Fans pressing against the external circumference Fan box of the disk, 120" apart, and is held in Thermal regulation: To refrigerate the tank, thermal regulation I S achieved by means of 2 Peltier thermoelectric elements (Thermoelectricidad, Bertotza SL, Navarra, Spain) in line (capacity of 50 W each) supplied with the 12 V power source. In the bottom of the tank, a heat sensor allows measurement (after appropriate calibration) and regulation of temperature by means of a comparator with hysteresis (around 0.5"C). Temperature data induce the switching of a relay acting on the Peltier modules. The bottom of the collector tank as well as the heat radiator largely overlap the size of the Peltier modules (5 by 10 cm). The radiator, made of aluminium and directly in contact with the thermoelectric elements, acts as a heat exchanger. The heat is evacuated by means of a n air flow generated by a couple of fans (Fig. 2D ) placed in a box (Fig. 1C) . Such a design allows the tank to be rapidly refrigerated with or without water in the tank (not shown).
Hydraulic system: Any pump that can be remotely controlled can be used. Sample water is transported in Tygon tubing Bioblock, Illkirch, France) , compatible with the Masterflex@' pump we used (ref.
7518-10, Bioblock), and is separated into 2 parts by a Y-shaped connector ( Fig. 2A ): one part, 10 cm in l.ength, goes to the collector, whereas the other is connected to a waste container. Two pinching microelectrovalves (ref. 692901, 692904, Bioblock) are placed on each piece of tubing in order to guide the water flow and to get rid of dead volumes ( Fig. 2A) .
Software: The software allows the operator to define the sampling interval and the volume of the sample to be taken. If necessary, a 2-stage pumping can be used with a high throughput pump delivering water continuously from the sampling location to a container from which samples are then taken. For example, during the Minos cruise, a ship pump continuously delivered sea surface water to a large bucket on the deck, and then our device sampled from that bucket.
Tests o f sample preservation: Tests of sample fixation and storage were made with the 2 photosynthetic prokaryotes Prochlorococcus (strain MED4) and Synechococcus (strain WH 8103). Cultures were sampled while in exponential growth phase under a 12:12 h 1ight:dark cycle (25 PE m-2 S-'). Samples were taken every 1 h over 9 h Including the afternoon, when the cell cycle vanes the most (S. Jacquet unpubl.). We compared the effect of cold preservation with immediate analysis or immediate fixation (for cell cycle). The temperature was controlled by plunging the tubes into cold water refrigerated at 4°C by means of a freezing bath with external circulation (Minichiller, Bioblock) . Samples kept at 4°C were analysed 10 h after the beginning of the experiment, following the chronology of the sampling, i.e. the last samples were kept at 4°C for a maximum of only 4 h before analysis. Results and discussion. Sample preservation b y low temperature: In many cases, samples cannot be irnmediately processed (i.e. analysed or preserved). It is therefore critical to establish that sample parameters are little affected. For flow cytometry analyses, the best solution appears to be to keep the populations at 4°C in the dark without fixative addition. No significant difference for most parameters, measured by flow cytometry, was recorded between this protocol and immediate analysis for both Prochlorococcus and Synechococcus (Table 1) . Only the Right Angle Light Scatter (a function of both cell size and refractive index) of Prochlorococcus MED4 looks more sensitive to cold conditions than that of Synechococcus WH 8103, suggesting a decrease in cell size and/or change in refractive index for the former strain. These results are in agreement with those of Olson et al. (1990) who maintained field water samples at 5OC for a few days without significant cell loss.
Time series examples: The sampling device proved very useful for laboratory and field studies. Fig. 3A shows a time series obtained for the Forward Angle Light Scatter (FALS), a function of cell size, for the marine cyanobacterium Synechococcus ROS 04 under a 1ight:dark regime. A die1 rhythm is clearly present. The high frequency of sampling permits precise location of features such as the timing of the FALS maximum, which occurs 3 h before darkness, and enabled Phycoerythrin fluorescence -
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Percentage of cells in G1 us to determine that the rate of FALS increase during the day was quicker than its decrease during the night. Clearly, these features would have been missed with lower frequency sampling. The device was also used during the Mediterranean cruise MINOS (Fig. 3B) . This allowed us to map precisely the basin-scale features of Synechococcus abundance throughout both western and eastern Mediterranean basins (e.g. note the very low concentration in the oligotrophic Eastern Basin) and also to detect mesoscale features in the Ligurian Sea or Levantine Basin. To our knowledge, it is the first time that such high resolution spatial data are available for an individual phytoplankton population.
Concluding remarks: Advantages of the system described in this paper are numerous. First, its small size and compactness make it very convenient to transport and position on board a ship. Second, its simple design makes it very cheap to build (almost a tenth of the price of commercial devices which range from US $2000 to 5000 without refrigeration) and very easy to service and to repair, again an advantage for shipboard operation. Third, the use of the BASIC language makes it easy to program. Fo.urth, it is very flexible and can sample at any given time interval. The preservation protocol chosen, necessary to avoid the continuous presence of an operator near the instrument, i.e. sample preservation at 4OC, proved very effective and results in minimum parameter change. Finally, it must be stressed that, although the samples could be analysed by any technique requiring small analytical volumes, flow cytometry is most appropriate because of its speed and accuracy. Many improvements are possible and include (1) the use of a different cooling system (for example, by circulating chilled water around the radiator from an external water-cooled bath), (2) the simultaneous measurements of external parameters such as light irradiance levels or temperature at the time of the sampling by means of sensors coupled to the multiplexer of the microprocessor or (3) the possibility of using a disk with larger holes and collecting tubes to sample larger volumes.
